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CNOSSOS-EUThe Environmental Noise Directive (2002/49/EC) requires EUMember States to determine the exposure to envi-
ronmental noise through strategic noisemapping and to elaborate action plans in order to reduce noise pollution,
where necessary. A common framework for noise assessment methods (CNOSSOS-EU) has been developed by
the European Commission in co-operation with the EU Member States to be applied for strategic noise mapping
as required by the Environment Noise Directive (2002/49/EC). CNOSSOS-EU represents a harmonised and coher-
ent approach to assess noise levels from themain sources of noise (road trafﬁc, railway trafﬁc, aircraft and indus-
trial) across Europe. This paper outlines the process behind the development of CNOSSOS-EU and the parts of the
CNOSSOS-EU coremethodological frameworkwhichwere developed during phaseA of the CNOSSOS-EUprocess
(2010–2012),whilst focusing on themain scientiﬁc and technical issues thatwere addressed, and the implemen-
tation challenges that are being faced before it can become fully operational in the EU MS.
© 2014 The Authors. Published by Elsevier B.V. Open access under CC BY-NC-ND license.1. Introduction
A reliable estimation of the exposure to environmental noise of
European Union (EU) citizens is a pre-requisite to support and evaluate
an informed policy on noise reduction at European level. One of the ob-
jectives of the European Directive on the Assessment and Managementpa.eu (S. Kephalopoulos),
so@ifsttar.fr (F. Anfosso-Lédée),
@acustica.co.uk (S. Shilton),
ent, Brussels, Belgium.
and Technology for Transport,
nique du Bâtiment, Grenoble,
gdom.
ted Kingdom.
. Open access under CC BY-NC-ND licof Environmental Noise (2002/49/EC) (END) is to establish a common
approach to assess the exposure to environmental noise throughout
the EU. For this purpose, a set of common noise indicators is deﬁned
in the Directive, namely the day-evening-night level Lden and the
night level Lnight. The EU Member States (MS) are required to produce
strategic noise maps on a ﬁve-year basis for all major roads, railways,
airports and agglomerations pursuant to Article 7 (1) starting from 30
June 2007. The outcome of these maps is being used by the Competent
Authorities in the EUMS to identify priorities for action planning (aimed
at reducing or avoiding exposure to harmful noise levels), and by the
European Commission (EC) to assess the number of people exposed to
noise and to inform the general public about it.
Article 6.2 of the END empowers the European Commission to estab-
lish common assessmentmethods for the determination of the noise in-
dicators Lden and Lnight. Until such common assessment methods are
adopted, EU MS may use either the interim assessment methods speci-
ﬁed in paragraph 2.2 of Annex II of the END, or national methods,ense.
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equivalent results to those obtained by means of the interim methods.
The EC assessed the degree of comparability of the results generated
by the different methods after the ﬁrst round of strategic noise mapping
(2006–2007) and established that, in many cases, the assessment
methods used by the Member States differ signiﬁcantly from the interim
methods (DG JRC 2008). Other assessments have shown that differences
in methodological approaches made it difﬁcult (if not impossible) to ob-
tain consistent and comparableﬁgures on the number of people being ex-
posed to noise levels within and across EU MS (European Commission,
2011; Licitra and Ascari, 2014). Difﬁculties relate, inter alia, to: (a) incom-
pleteness of the reporting of strategic noisemaps byMS; (b) the different
quality and format of data reported at EU level; (c) the different assess-
ment methods used; (d) the different strategies adopted concerning the
selection of e.g.: roads to be mapped; (e) the distribution of the popula-
tions and dwellings within buildings and (f) the unavailability or reliable
dose–response curves required for health impact assessment.
The noise assessmentmethods used by the EUMember States, along
with input data extracted from national databases, differ in several as-
pects (Kephalopoulos and Paviotti, 2012), such as: the formulas used
to estimate the sound power output of the noise sources; the formulas
used to evaluate different aspects of sound propagation; the measure-
ment conditions under which sound power is evaluated; the databases
of input values (e.g., differences in expression of basic parameters, def-
inition of vehicle classes, correction effects, etc.); the implementation of
the same method in different software packages; and the handling of
software settings by the end user.
Moreover, there are differences in the input data conﬁguration and
parameter settings that are used in connection with the assessment
methods such as: choice of roads, tram and railway lines within an ag-
glomeration; number of aircraft movements within an airport; default
data are often used instead of real-life scenario data (e.g. speed limit is
used instead of real average speed of vehicle ﬂeet, standard ﬂight tracks
instead of radar basedmovements, etc.); number of soundwave reﬂec-
tions in the propagation path; accuracy, completeness and reliability of
geographical input data; methodology to assign noise levels to building
facades and numbers of inhabitants and dwellings to buildings.
In 2008, the EC initiated the development of harmonised methods
for assessing noise exposure in Europe. In the context of the project en-
titled CNOSSOS-EU led by the EC's Joint Research Centre (JRC) on behalf
of the Directorate General for Environment (DG ENV), the core of the
common noise assessment methodological framework in Europe was
developed. This framework focuses on strategic noise mapping and
carefully balances the need for harmonisation with the principle of pro-
portionality and sectorial speciﬁcities in EU MS, e.g. as regard data re-
quirements. It provides the technical basis for preparing a Commission
Implementing Decision to revise Annex II of the END by which the
CNOSSOS-EU methodology will become mandatory in the EU MS.
The purpose of this paper is to outline the process behind the devel-
opment of CNOSSOS-EU and the parts of the CNOSSOS-EUmethodolog-
ical framework, whilst focusing on the main scientiﬁc and technical
issues that were addressed, and the implementation challenges being
faced before it can become fully operational in the EU MS.2. The CNOSSOS-EU process
The main objective of the CNOSSOS-EU process is to develop a co-
herent methodological framework for the assessment of environmental
noise and its impact on human health, enabling consistent and accurate
reporting of strategic noise maps (including exposure of populations)
by the EU Member States in accordance to their obligations under the
END.
The development of the CNOSSOS-EU methodological framework
was the fruit of an intensive and in-depth consultation which involved
European Commission services, the European Environment Agency(EEA), the European Aviation Safety Agency (EASA), the World Health
Organization (WHO-Europe) and nearly 150 noise experts.
Overall, the roadmap for the development and implementation of
CNOSSOS-EU includes the following steps belonging to two phases of
the CNOSSOS-EU process:
1. The assessment of the equivalence of existing noise assessment
methods in EU;
2. The deﬁnition of the target quality and input value requirements for
strategic noise mapping in Europe;
3. The establishment of requirements and criteria for the screening, rat-
ing and pre-selection amongst existing assessment methods in EU,
USA and Japan that best cover the needs and requirements of the END;
4. The conceptualisation of a ‘ﬁt for purpose’ framework allowing for
the application of CNOSSOS-EU methodology at two levels of detail
and conformity, depending on the objectives of the assessment
(i.e. strategic noisemapping on amandatory basis— ﬁrst level of ap-
plication, and action planning on a voluntary basis— second level of
application);
5. The selection of the components of the common noise assessment
methods through a series of dedicated workshops, benchmarking/
testing exercises and other ad-hoc meetings with European noise
experts;
6. The drafting of the core CNOSSOS-EUmethodological framework in-
cluding guidelines for its competent use for strategic noise mapping
and associated requirements for input data collection andmodelling;
7. The preparation of the operational part of CNOSSOS-EU and a long-
term planning for assisting the EU MS to reliably implementing
CNOSSOS-EU in the context of the future rounds of strategic noise
mapping in Europe.
8. The legal act to revise Annex II of the END and enforce CNOSSOS-EU
in EU MS.
Steps 1 to 5 belong to the preparatory phase of the CNOSSOS-EU
development whereas steps 6 to 8 designate the formal part of the
CNOSSOS-EU process which involves an in-depth formal consultation,
review, ﬁnalization, enforcement and implementation of CNOSSOS-EU
with the EU Members States.
In phase A of the CNOSSOS-EU process (steps 1 to 6) the CNOSSOS-
EU framework was developed (2009–2012) (Kephalopoulos et al.,
2012) based on state-of-the-art scientiﬁc, technical and practical knowl-
edge about environmental noise assessment in Europe, in connection
with the experience gained during the ﬁrst round of the strategic noise
mapping in 2007.
The core of theCNOSSOS-EU framework consists of a quality part that
describes the objectives and requirements of CNOSSOS-EU and technical
parts describing: the modelling of noise emissions due to road trafﬁc,
railway trafﬁc and industrial noise sources and the methodologies for
sound propagation, aircraft noise prediction and how to assign noise
levels and population to buildings. Moreover, the scope and the concept
of the “Guidance for the competent use of CNOSSOS-EU” (to be devel-
oped in phase B of the CNOSSOS-EU process) were also outlined.
In the same period, the revision of the Electronic Noise Data
Reporting Mechanism (ENDRM), which was led by the European Envi-
ronment Agency, was successfully accomplished (European Environ-
ment Agency, 2012). ENDRM aims at facilitating EU MS reporting in a
common format whilst ensuring that the reporting requirements of
the END are met. It is considered as an integral part of CNOSSOS-EU as
it represents the key interface between the noise assessment through-
out Europe, and the sharing of the results by means of one common
noise methodological framework.
In phase B of the CNOSSOS-EU process (steps 6 to 7) a series of tech-
nical tools are in development whichwill help the practical implementa-
tion of CNOSSOS-EU in the EU MS. These include: structure design and
creation of the CNOSSOS-EU set of input values for road, rail and industri-
al sources; implementation of the CNOSSOS-EU using open source soft-
ware for testing purposes (road, rail and industrial noise); development
Table 1
Correspondence of input parameters used to model speciﬁc meteorological conditions
across three propagation models (ISO 9613-2, NMPB-2008, HARMONOISE— P2P version
2.020).
Propagation model ISO 9613-2 NMPB-2008 HARMONOISE—
P2P version 2.020
Parameter C0 1/R 4 parameters
Propagation condition
Homogeneous 0 dB 0 A = 0 s−1
B = 0 m/s
C = 10−5
D = 0 m
Favourable 0 dB 1/5000 ma A = 0.07 s−1
B = 0 m/s
C = 10−5
D = 0 m
a The value is a ﬁxed parameter of the method.
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ent sound propagation methods, based on ISO 9613‐2 (ISO 9613-
1:1993(E), 1993), NMPB 2008 (NMPB, 2011) and the outcome of the
HARMONOISE project (Salomons et al., 2011); development of guide-
lines for the competent use of CNOSSOS-EU (road, railway, industrial
and aircraft noise); and validation of the CNOSSOS-EU propagation
part with the support of the EU MS.
In parallel with phase B of the CNOSSOS-EU process, the European
Commission foresees to amend Annex II of Directive 2002/49/EC, via
an Implementing Decision planned in 2014 (step 8) with the ultimate
goal to have CNOSSOS-EU operational in the EU MS starting from the
third round of strategic noise mapping in Europe in 2017.
In the following sections themain scientiﬁc and technical issues that
were addressed and the implementation challenges of the CNOSSOS-EU
methodological framework being faced at this stage of the CNOSSOS-EU
process are outlined and discussed.
3. CNOSSOS-EU: frequency range and sound propagation method
The CNOSSOS-EU method as described in the JRC Reference report
(Kephalopoulos et al., 2012) is valid for determining noise in the fre-
quency range from 125 Hz to 4 kHz for road trafﬁc and railway noise,
from 63 Hz to 4 kHz for industrial noise and from 50 Hz to 10 kHz for
aircraft noise. For a better consistency of the frequency ranges amongst
the four noise sources, during phase B of CNOSSOS-EU, it was proposed
to extend the range from 63Hz to 8 kHz in octave bands for all sources
and propagation.
3.1. Criteria for the selection of the CNOSSOS-EU method for sound
propagation
In phase A of the CNOSSOS-EU process, a number of sound propaga-
tionmethods (i.e. NMPB 2008 (NMPB, 2011), HARMONOISE— P2P ver-
sion 2.020 (Salomons et al., 2011) and ISO 9613-2 (ISO 9613-1:1993(E),
1993)) were screened and evaluated on the basis of six criteria and a
number of test cases to qualify the most appropriate one to use as part
of the CNOSSOS-EU framework. These six criteria that were used for
the qualitative evaluation of the three propagation methods but not
for a quantitative-based rating of their performance are the following:
1. The precision of themethod's application (i.e., the “reproducibility” or
the degree of spread in the result obtained if themethod is applied by
different experts including the implementation of the method in
software) is considered an essential criterion because it inﬂuences
the degree of consistency of the noise assessments.
2. The accuracy of themethod is also an essential criterion as it indicates
the conformity of the calculated results with respect to actual mea-
sured data (i.e. the “trueness” of the calculated results), insofar that
no errors are induced by the measurement procedure, and also that
the physical reality is well reﬂected and described.
3. The computational speed of themethod is mostly associated with the
cost related to the assessment. It may become relevant when calcu-
lating long-term noise levels for extended geographical areas, and
big agglomerations as required in the EU strategic noise mapping.
4. The ﬂexibility of themethod (e.g.: the ability to handle localmeteoro-
logical conditions, particular geographical situations like valleys, hills
or street canyons, lateral diffraction around obstacles, low barriers,
green roofs, etc.).
5. The simplicity of the method concerns the easiness of implementa-
tion of the method into software, and the degree of traceability of
errors in the software implementation and/or associated to unrealis-
tic results produced by correct application of themethod. It is mostly
a qualitative criterion that involves experts' judgement. At the same
level of accuracy, simpler methods would be preferred over more
complex ones. On the other hand, simpler methods often have a
limited range of application whereas complex methods have anextended domain of validity and can be applied automatically, even
over complex conﬁgurations.
6. The number of parameters (i.e. the overall number of parameters to
handle during software development and application by the enduser).
3.2. Check of consistency of the three candidate sound propagationmethods
In phase A of the CNOSSOS-EU process before proceeding with the
evaluation of the three sound propagation methods, the correct inter-
pretation and/or correspondence of the input values to use across the
three methods was ﬁrst clariﬁed. The evaluation partly focused on test-
ing the consistency in implementing the methods in existing software.
The ﬁrst element analysed was themeteorological effect. In all three
methods, the determination of long-term averaged noise levels is based
on the evaluation of noise levels under a limited set of representative
meteorological conditions and on the locally observed frequency of oc-
currence of such conditions. HARMONOISE can predict noise levels
under any meteorological situation, provided it can be represented by
an equivalent linear gradient of the sound speed versus height. Within
NMPB-2008, the number of representative propagation conditions is re-
duced to only two, unfavourable propagation conditions being ignored
and accounted for equivalently to homogeneous conditions. ISO 9613-
2 allows for the prediction of noise levels under a single representative
meteorological condition, labelled “moderate downwind”, although in
the text describing this method it is speciﬁed that temperature inver-
sion (e.g. at night) may have similar effects. In inter-comparing the
threemethods, only homogeneous and favourable conditionswere con-
sidered. The appropriate input values used to model each condition are
given in Table 1.
For the aforementioned three propagation methods, the type of the
ground is modelled by a factor G (ISO 9613-2 and NMPB 2008) or by
an equivalent impedance value Zs which can be derived from the specif-
ic ﬂow resistance σ (HARMONOISE P2P version 2.020). The characteri-
sation of ground effects and correspondence of related parameters in
the three methods are shown in Table 2.
The HARMONOISE model requires impedance values to be assigned
to all surfaces in the propagation path, including vertical walls and
facades. During phase A of the CNOSSOS-EU process, it was opted to
follow the conclusions of the IMAGINE project (IMAGINE WP 1, 2007)
to use the classiﬁcation of noise barriers according to the EN 1793-1
standard and to convert back DLα values into equivalent impedance
values (see Table 3).
When it comes to coupling the noise propagation model with
the source model, a fundamental difference exists between the
HARMONOISE model on one hand and the NMPB-2008 and ISO 9613-
2 models on the other hand. The HARMONOISE model is considered a
“coherent” propagation model as it accounts for the ground effect by
means of a coherent summation of the direct wave and the ground
Table 2
Correspondence of ground properties across ISO 9613-2, NMPB 2008 and HARMONOISE P2P version 2.020.
Description Type ISO 9613-2 NMPB 2008 HARMONOISE— P2P version 2.020
Parameter G G Speciﬁc ﬂow resistance σ (kPa·s/m2)
Very soft (snow or moss-like) A 1 1 12.5
Soft forest ﬂoor (short, dense heather-like or thick moss) B 1 1 31.5
Uncompacted, loose ground (turf, grass, loose soil) C 1 1 80
Normal uncompacted ground (forest ﬂoors, pasture ﬁeld) D 1 1 200
Compacted ﬁeld and gravel (compacted lawns, park area) E 0 0.7 500
Compacted dense ground (gravel road, parking lot, ISO 10844) F 0 0.3 2000
Hard surfaces (mostly normal asphalt, concrete) G 0 0 20,000
Very hard and dense surfaces (dense asphalt, concrete, water) H 0 0 200,000
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source under free ﬁeld radiation conditions and, for a receiver near to
the source, predicts a +6 dB increase of level due to the presence of
the ground. The other two models are considered as “incoherent” be-
cause they use the sound power output of the source under hemispher-
ical radiation conditions, which is in line with the ISO standards for
measuring the sound power of source placed on a hard surface. These
models predict an increase of the noise level of only+3dB for a receiver
near the source. Although this apparent contradiction can easily be
solved by considering that the sound power of a source is not an intrin-
sic constant but depends on the radiation conditions, this issue requires
some special attentionwhen it comes to coupling or comparingmodels.
Differences amongst the three propagation methods were then
assessed for a number of idealised test cases. The idealised test cases
used during phase A of CNOSSOS-EU, represented a ﬂat terrain with
combinations of absorbing or reﬂecting ground, meteorological con-
ditions (favourable or unfavourable conditions) and with or without
the presence of a noise barrier. In most cases differences were within
1–2 dB for distances from the source less than 100 m.
Differences for overall sound attenuations are presented in Fig. 1(a)
to (e). In these examples six receiver locations were used, all at 4.0 m
height, and at the following distances from the source: 5 m, 10 m,
50m, 100 m, 200 m and 300m. A line source wasmodelled with a typ-
ical road sound power spectrum. The ﬁgures show overall sound atten-
uations respectively for:
a) a ﬂat terrain, in homogeneous meteorological conditions with hard
ground;
b) a ﬂat terrain, in homogeneous meteorological conditions with soft
ground;
c) a ﬂat terrain, in favourable meteorological conditions with soft
ground;
d) a ﬂat terrain, in homogeneous meteorological conditions behind a
noise barrier;
e) a ﬂat terrain, in favourable meteorological conditions behind a noise
barrier.
3.3. Ranking of the three sound propagation methods
The computational time was evaluated for the three methods over
several idealised test cases, varying from simple conﬁgurations to a
noise map representing a small built-up area (for this latter case theTable 3
Correspondence between sound absorption of barriers and buildings and equivalent
impedance class.
Class Classiﬁcation of noise
barriers according to
EN 1793-1
Minimal value of
the ﬂow resistivity
σ (kPa·s/m2)
A0 Not measured 20,000
A1 0 b DLα b 4 dB 2000
A2 4 ≤ DLα ≤ 7 dB 250
A3 8 ≤ DLα ≤ 11 dB 80
A4 DLα N 11 dB 40calculation area was about 0.14 km2 and a 10 m grid was calculated).
It was concluded that ISO 9613-2 and NMPB 2008 have comparable
computational times, but that the original HARMONOISE method
leads to computational time that exceeds the others by one to two or-
ders of magnitude (Probst, 2011).
Concerning accuracy, two sets of evaluations were performed.
The ﬁrst one concerned a comparison between NMPB 2008 and
HARMONOISE (P2P version 2.020) on the basis of detailed geographical
and meteorological information. The second evaluation included all
three methods, but with simple meteorological effects. For the limited
and speciﬁc test cases employed, these comparisons showed that
NMPB 2008 performed better in terms of accuracy of attenuations
(CNOSSOS-EU WP 5, 2011), with respect to a reference receiver close
to the source, however an extended validation exercise to be performed
in phase B of the CNOSSOS-EUprocess is necessary for drawingmore ro-
bust conclusions.
With respect to precision and transparency (traceability of unexpect-
ed results) ISO 9613-2 and NMPB 2008 are apparently superior when
compared to HARMONOISE — P2P version 2.020. However, it should
be underlined that no generalised conclusion could be drawn, as the
set of test cases considered in phase A of the CNOSSOS-EU process
was limited. This evaluation also highlighted the importance of a coher-
ent interpretation of the different methods when translating their tex-
tual description into software code.
In terms of ﬂexibility, HARMONOISE is themost ﬂexible inmodelling
various speciﬁc meteorological situations with different meteorological
classes and different ground impedances. Moreover, ISO 9613-2may be
less appropriate to model sources close to the ground, but further spe-
ciﬁc real test casesmay be developed to check the correctness of this lat-
ter statement. The HARMONOISE model is the only one that explicitly
models the effects of discontinuities in the nature of the ground, where-
as the other twomethods rely on uniformly averaged ground character-
istics along the propagation path.
Concerning the criterion of the required number of input parameters,
it was found that for the purpose of strategic noise mapping, all three
propagation methods can be run from an identical set of input parame-
ters (i.e. a geometrical description of the site, a classiﬁcation of the ma-
terial types covering the ground and the vertical objects, the source
sound power per octave bands, the receiver position, and themaximum
order of reﬂected and laterally diffracted paths).
In terms of simplicity, the degree of complexity increases substan-
tially from ISO 9613-2 (simple empirical formulas are used) to NMPB
2008 (formulas handling more situations with several of them being
approximations ofmore complex physical formulations or heuristic cor-
rections) and ﬁnally the HARMONOISE (each physical phenomena is
modelled by means of a state-of-the-art physical model, resulting in
more complex mathematical expressions).
All three methods gave comparable results for the limited number of
idealised test cases performed during phase A of CNOSSOS-EU. Overall,
the HARMONOISE method was considered superior to the NMPB 2008
and ISO9613-2methodswhen it comes to dealingwith localmeteorolog-
ical effects and handling complex and more realistic situations. However,
it was concluded that the extended ﬂexibility of HARMONOISE is most
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Fig. 1. Comparison of the sound attenuations for a ﬂat terrain, (a) in homogeneous meteorological conditions with hard ground; (b) in homogeneous conditions with soft ground; (c) in
favourable conditions with soft ground; (d) in homogeneous conditions behind a noise barrier; (e) in favourable conditions behind a noise barrier.
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indicators such as Lden and Lnight. Moreover, it was put forward that the
extra computation timemightmakeHARMONOISE unsuitable for the cal-
culation of large-scale noise maps, as foreseen under the END. In view of
this, the technical experts recommended to provisionally use the French
NMPB 2008 method as the propagation part of the CNOSSOS-EU
framework.
Finally, in phase B of the CNOSSOS-EUprocess, the European Commis-
sion in cooperation with representatives designated by the MS will fur-
ther evaluate the three candidate propagation methods considered in
phase A, and make the ﬁnal choice about the CNOSSOS-EU propagation
model based on an appropriate number of real test cases. In this valida-
tion exercise itwill be essential to investigate how the inclusion/exclusion
of parameters and the level of detail in describing various effects (e.g.me-
teorological effects and treatment of the ground inﬂuence) impact on the
balance between the computation time on one hand and the accuracy of
the results on the other hand. Moreover, during phase B of CNOSSOS-EU,
further evaluation of the three propagation methods showed that, when
translating themethods into a calculation code, none of these methods is
exempted from the need for clariﬁcations and transparency concerning
the method's interpretation and application.
4. CNOSSOS-EU: road-trafﬁc noise emission
4.1. Source line representation of a road trafﬁc ﬂow
The noise emission of a road trafﬁc ﬂow is represented by a source
line characterised by its spectral sound power per metre. This corre-
sponds to the sum of the sound emission of the individual vehicles in
the trafﬁc ﬂow, taking into account the time spent by the vehicles in
the road section considered. The evaluation of the sound power output
of individual vehicles in theﬂow requires the application of a trafﬁcﬂow
model (Kephalopoulos et al., 2012; (NMPB, 2011). In CNOSSOS-EU asteady trafﬁc ﬂow of vehicles per vehicle category and per hour is as-
sumed, with an average speed representative for each vehicle category.
Alternatively, output of trafﬁcmodels backed upwith a limited set of ac-
tual data can be used for the purpose of noise mapping. If actual data is
not available, the lower of themaximum legal speed and themaximum
legal speed for the vehicle category will be used.
A source line is an approximate trajectory of a moving point source
and can be represented by a continuous distribution of point sources,
or a series of short line segments, all being mutually incoherent. The
term ‘source line’ was preferred to the usual term ‘line source’ because
the latter is most often understood to represent a line of point sources
pulsating with coherent phase, whereas in the present method the
point sources in the line are pulsating with incoherent phase. In prac-
tice, a segmentation process is applied, in which the source lines are
split into smaller source line segments, and each segment is replaced
by equivalent point sources or short line segments.
4.2. Vehicle classiﬁcation
Vehicles with similar sound emission characteristics are grouped into
categories. For road vehicles, four categories can be deﬁned whilst keep-
ing a good compromise between practicality and accuracy, including
light motor vehicles, medium heavy and heavy vehicles, mopeds and
motorcycles (Table 4). It should benoted that Table 4 includes amodiﬁed
description of categories 2, 3 and 4 compared to that included in the JRC
Reference report on CNOSSOS-EU (Kephalopoulos et al., 2012) which
was introduced during phase B of the CNOSSOS-EU process.
Up to now, most EU MS used two vehicle categories, for light vehi-
cles and trucks, but some EU MS used many more categories. Also, a
need was expressed for introducing a new “open” category to account
for possible new developments (e.g. electric/hybrid cars). The number
of vehicle categories does not signiﬁcantly affect the time and cost of
calculation, therefore there is no real concern in limiting the number
Table 4
Road vehicle classes.
Category Name Description Vehicle category in EC Whole Vehicle
Type Approvala
1 Light motor vehicles Passenger cars, delivery vans ≤3.5 tons, sport utility vehicles (SUVs),
multi-purpose vehicles (MPVs) including trailers and caravans
M1 and N1
2 Medium heavy vehicles Medium heavy vehicles, delivery vans N3.5 tons, buses, motor home
vehicles, etc. with two axles and twin tyre mounting on rear axle
M2, M3 and N2, N3
3 Heavy vehicles Heavy duty vehicles, motor home vehicles, buses, with three or more axles M2 and N2 with trailer, M3 and N3
4 Mopeds and motorcycles 4a Two-, three- and four-wheel mopeds L1e, L2e, L6e (UNECE R63)
4b Motorcycles with and without sidecars, tricycles and quadricycles L3e, L4e (UNECE R41) L5e, L7e (UNECE R9).
5 Open category To be deﬁned according to future needs N/A
a Directive 2007/46/EC of the European Parliament and of the Council of 5 September 2007 (OJ L 263/1 9/10/2007) establishing a framework for the approval ofmotor vehicles and their
trailers, and of systems, components and separate technical units intended for such vehicles.
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values and parameters should be deﬁned: coefﬁcients for the sound
power models, actual numbers of trafﬁc ﬂow and speed. An evaluation
of the annoyance provoked by category 4 vehicles in the urban environ-
ment was made available recently (Paviotti and Vogiatzis, 2012).4.3. Point source representation of a vehicle
A vehicle as a sound generator can be modelled by one or several
equivalent sound sources. These are not exact physical sources, but
they are simpliﬁed sources deﬁned in such away that their contribution
to noise in the environment is similar to that of the real vehicle. Thus,
the number and position of equivalent sound sources are carefully de-
ﬁned, to integrate as much as possible the different noise generation
mechanisms involved in the overall noise emission of the vehicle,
namely rolling noise emitted at the tyre/road contact patch and propul-
sion noise emitted by the driveline (engine and exhaust).
The use of many equivalent sources will lead to a more accurate de-
scription of the real source, but will also request more input values
in the sound power database, more complex methods for acquiring
these data and will result in higher calculation time. When looking for
a compromise in deﬁning the number of equivalent sources, it was
recognised that this issue is tightly linked to the selection of the propa-
gation model. In the case of an incoherent propagation model such as
the one provisionally chosen for CNOSSOS-EU at the end of phase A
(i.e. based on NMPB 2008), only one equivalent source is enough for
an acceptable accuracy, whereas in the case of a coherent sound propa-
gationmodel such as HARMONOISE (Salomons et al., 2011), at least two
sources are necessary to overcome the strong interference patterns.
Consequently, only one equivalent sound source was deﬁned in the
road trafﬁc noise model of CNOSSOS-EU for all vehicle types.
The most appropriate height of this source was deﬁned on the basis
of numerical simulations using the NMPB 2008 propagationmodel. Five
typical conﬁgurationswere considered:ﬂat site, ﬂat sitewith a 2mhigh
barrier, ﬂat site with 4mhigh barrier, road trench, and road trenchwith
a 2mhigh barrier (Fig. 2). For each case, two source line positions across
the road were considered (at 3.5 m and 8 m distances from the road
side) and for each three source heights, 0.05 m, 0.3 m and 0.75 m. The
soundpressure levelswere calculated for a given soundpower emission
spectrum at 4 receiver points at 10 m, 30m, 100 m and 300 m from the
road side, all 4 m high above the ground. All calculations were per-
formed for two propagation conditions according to the atmospheric
conditions: favourable conditions and homogeneous conditions.
The overall results of the simulations are presented in Table 5. It can
be seen that in a few speciﬁc cases (e.g. ﬂat site without a barrier, source
0.3 m high and receivers at 100 and 300 m distances for atmospheric
conditions favourable to the sound propagation), the effect of the source
height can be important, up to 4.6 dB(A). However in many other con-
ﬁgurations, the source height effect is below 1 dB(A) in the simulations.
Therefore, it was proposed to set the source at a height of 0.05m abovethe road surface, which is consistent with rolling noise source position
which is the dominant source for speeds higher than 50 km/h.
4.4. Vehicle sound power emission
The model deﬁnes the instantaneous noise production of a vehicle
described by the twomain parameters – class and speed – and corrected
for several environmental or speciﬁc effects. The calculations are per-
formed with separate speeds for each vehicle category.
For each road vehicle, the emission model consists of a set of math-
ematical equations representing the two main noise sources:
1. the rolling noise due to the tyre/road interaction: it is described as a
logarithmic function of the rolling speed v (Fig. 3)
2. the propulsion noise produced by the driveline (engine, exhaust, etc.)
of the vehicle: it is described as a linear function of the rolling speed v
(Fig. 4).
Correction factors are introduced in the formulations of rolling and
propulsion noise, namely the corrections for: (1) road surface type;
(2) studded tyres; (3) acceleration and deceleration; and (4) road gra-
dient effect.
The ﬁrst two are the main regional effects to be accounted for in
the model, they both apply to rolling noise, whilst the latter two
apply to propulsion noise. The use of a correction for acceleration ef-
fect may be relevant in urban situations (for example, to estimate the
effect of “greenwaves”) and can be accounted for by using a standard
correction over a “zone of inﬂuence” near intersections. A simple for-
mulation based on a modelling approach is proposed in the JRC Ref-
erence report on CNOSSOS-EU (Kephalopoulos et al., 2012), to be
applied before and after crossings with trafﬁc lights and round-
abouts. The correction terms for rolling noise and propulsion noise
are linear functions of the distance of the point source to the nearest
intersection of the respective source line with another source line
and are attributed to all octave bands equally. During phase B of
CNOSSOS-EU, it was discussed and agreed to include acceleration/
deceleration in the software implementation of CNOSSOS-EU as it
may have a signiﬁcant effect on vehicle noise emission, especially
when approaching or departing from road crossings.
Concerning the gradient, its correction is based upon a “per lane” ap-
proach, therefore in the case of a bi-directional trafﬁc, the ﬂow should be
split into two components and corrected half for uphill and half for down-
hill.When the source line represents a oneway ﬂow, the gradient correc-
tion is applied without the need to split the ﬂow.
5. CNOSSOS-EU: railway trafﬁc noise emission
5.1. Classiﬁcation of trains
For trains, the classiﬁcation is more complex than for roads, as
various types of trains exist in Europe, each with speciﬁc noise emis-
sion characteristics.
source
HS
Barrier 2 m 
high
Receiver R1 Receiver R2 Receiver R3 Receiver R4
X =-3.5 m  
or -8 m 
X = 0 X = 10 m X = 30 m X = 100 m X = 300 mX = 3.5 m
HR= 4 m
2 m
Fig. 2. Typical conﬁgurations used for the simulations performed to deﬁne the most appropriate height for the road trafﬁc noise source (ﬂat site at the top, trench site at the bottom).
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adopted in CNOSSOS-EU: Vehicle type, number of axles per vehicle,
brake type and wheel measure have been recognised as the essential pa-
rameters for a sufﬁciently accurate classiﬁcation of the vehicles compos-
ing a train (for details, refer to Table IV-1 in Kephalopoulos et al., 2012).
Furthermore, different track technologies can contribute differently to
the noise emission. Therefore a classiﬁcation of the tracks and support
structures was found useful, to account for track type, track base (ballast,
slab track, concrete bridge, steel bridge), sleeper types (wood, concrete
mono-block or bi-block), rail fasteners, sleepers spacing, roughness, rail
joints, etc. (for details, refer to Table IV-2 in Kephalopoulos et al., 2012).
Following the same principle as for the wheel, a classiﬁcation in six
categories was adopted in CNOSSOS-EU according to the track base, rail-
head roughness, rail pad type, additional measures, rail joints, and
curvature.
Trams and light railways are part of the CNOSSOS-EU method
and can be modelled as any other train type without further speciﬁc
requirements.5.2. Railway sound power emission
The source sound power is deﬁned and attributed only to two differ-
ent sources, at 0.5 m and at 4 m height. These are considered enough to
ensure a sufﬁcient accuracy in the determination of the railway noise
sound power for the strategic noise mapping.Table 5
Sound pressure level differences at the receivers for a source height Hs compared to 0.05 m.
Site Barrier height
(m)
Source distance
(m)
Source height
HS (m)
Flat No barrier −3.5 0.3
0.75
−8 0.3
0.75
Flat + 2 m high barrier 2 −3.5 0.3
0.75
−8 0.3
0.75
Flat + 4 m high barrier 4 −3.5 0.3
0.75
−8 0.3
0.75
Trench No barrier −3.5 0.3
0.75
−8 0.3
0.75
Trench + 2 m high barrier 2 −3.5 0.3
0.75
−8 0.3
0.75The equivalent sources represent physical sources. These physical
sources are divided into different categories depending on the genera-
tion mechanism, and are: 1) rolling noise (including not only rail and
track base vibration andwheel vibration but also, where present, super-
structure noise of the freight vehicles); 2) traction noise; 3) aerody-
namic noise; 4) impact noise (from crossings, switches and junctions);
5) squeal noise and 6) noise due to additional effects such as bridges
and viaducts.
Comparisons of different combinations of speed/track/trainwere per-
formed to evaluate the effect of reducing the number of inputs by
introducing a minimum speed under which the noise emission physical
phenomena can be grouped. Based on national experiences in Germany
and The Netherlands, it was found out that railway source can be
modelled in any track section where the maximum speed is 50 km/h or
less (such as at railway stations or depots), by considering only the rolling
noise sound power at the speed of 50 km/h along the entire section. This
will include noise due to braking and impact, thus saving signiﬁcant ef-
forts in data input collection.
Other discussions and developments during phase A of CNOSSOS-EU
process, addressed the following parameters:
– The effect of combined wheel and rail roughness is considered as a
mandatory input parameter, although it is recognised that this
data is not easily available.
– The local effect of curve squeal forwhich a simple approach has been
proposed.Favourable conditions dB(A) Homogeneous conditions dB(A)
R1 R2 R3 R4 R1 R2 R3 R4
0.1 −0.3 −4 −3.7 0.1 −0.1 −0.6 0
0.1 0.1 0.9 −0.4 0.1 0.1 0.6 −0.1
0.1 −0.6 −4.6 −4 0.1 −0.1 −0.8 0
0 0 0.7 −0.4 0 0 0.5 −0.2
0.8 0.6 0.5 0.5 0.8 0.7 0.6 0.6
2.2 1.7 1.6 1.6 2.3 1.7 1.6 1.6
0.2 0.6 0.5 0.6 0.2 0.6 0.6 0.5
0 1.5 1.6 1.5 2.8 1.6 1.5 1.5
0.3 0.2 0.2 0.2 0.3 0.2 0.2 0.2
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.3
0.6 0.6 0.6 0.6 0.6 0.5 0.6 0.6
0.1 1.3 0.7 0.5 0.1 1.4 0.7 0
0.2 2.1 2 1.8 0.2 2.2 2.1 0.9
0 0 0.8 0.5 0 2 0.6 0.1
0.1 1.5 2.5 2.2 0.1 2 2 1.2
0.6 0.4 0.3 0.3 0.6 0.3 0.3 0.3
1.3 0.7 0.7 0.7 1.3 0.8 0.7 0.7
0.1 0.4 0.3 0.4 0.2 0.3 0.3 0.3
−0.2 0.8 0.7 0.7 2.7 0.9 0.7 0.7
Fig. 3.Rolling sound power levels inA-weighteddB for theﬁrst three categories of vehicles
in reference conditions.
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above 200 km/h.
Further collection of appropriate spectra for braking noise and trac-
tion noise across the EU is necessary, as the currently available data does
not yet sufﬁciently cover the wide variety or traction systems and vehi-
cles in Europe.
6. CNOSSOS-EU: industrial noise sources
Industrial noise has speciﬁcs that cannot be described by a deﬁned
and limited set of model parameters as in the case of ground transpor-
tation noise. Therefore, the method for industrial noise emission source
only considers some essential issues,whilst the description of some typ-
ical applications (e.g.: simulation by simple area source up tomodelling
of each individual and relevant speciﬁc source into an industrial area, in-
cluding screening and reﬂecting objects)was left to the guidance for the
competence use to be developed in phase B of the CNOSSOS-EU process.
Guidelines for strategic noise maps on industrial sources were made
available by the IMAGINE project (IMAGINE WP7, 2007).
Dimensions of industrial noise sources (varying from large industrial
plants to small concentrated sources like small tools or operating ma-
chines) and the way several single sources extend over an industrial
site are some essential parameters for the modelling. In practice, real
sound sources aremodelled bymeans of equivalent sound sources repre-
sented by one or more point sources so that the total sound power of theFig. 4. Propulsion sound power levels in dB for all categories of vehicles in reference
conditions.real source corresponds to the sum of the sound powers of the different
point sources. A number of general practical rules in deﬁning the number
of point sources in relation to the size of the source are deﬁned in the JRC
Reference report on CNOSSOS-EU (Kephalopoulos et al., 2012).
The working hours are another essential input for the calculation of
noise indicators from industrial sources. For the more dominant
sources, the yearly average working hours' correction should be esti-
mated at least within 0.5 dB tolerance in order to achieve an acceptable
accuracy in each of the three time periods: day, evening and night.
For the determination of the sound power levels and directivity of
the point sources, the preferred approach is to perform measurements
of the source. A number of standards on measurement methods for
industrial noise sources have been identiﬁed, for sources ranging from
extended sources such as industrial sites, to small appliances and ma-
chinery.When themeasurements are not possible, a database of default
input values can be used for determining the source sound power and
directivity aswell as typical working hours for each source. Such a data-
base will be developed during phase B of CNOSSOS-EU.
7. CNOSSOS-EU: aircraft noise prediction
Aircraft noise modelling is different from the other three noise
sources (road trafﬁc, railway trafﬁc and industrial) in a number of specif-
ic aspects. There is long-standing experience in aircraft noise prediction
and assessment, and methods, together with associated performance
databases that have been established and deﬁned at international
level. Two candidate methodologies were reviewed during phase A of
CNOSSOS-EU: the Document 29, 3rd edition of the European Civil Avia-
tion Conference (ECAC Doc. 29, 3rd edition) European Civil Aviation
Conference, 2005) and the German method AzB 2008 (AzD/AzB,
2008). The two methodologies deﬁne two different noise and perfor-
mance database structures. The Aircraft Noise and Performance (ANP)
database has been developed to fulﬁl the requirements of ECAC Doc.
29 and both are generally used in the EU airports to calculate environ-
mental noise. ECAC Doc. 29 was chosen to be the CNOSSOS-EU method
for aircraft noise prediction.
Discussions amongst representatives of EC, experts and stakeholders
working in the area of aircraft noise, revealed that there is scope for im-
proving the existing aircraft noise methods and procedures. In order to
reach the objectives of the END, some relevant issues were identiﬁed,
discussed and recommendationsweremade: adaptation of the ANP da-
tabase to local meteorological conditions (effect of temperature and rel-
ative humidity on sound absorption); extension of the noise calculation
methodology and noise performance database to the general aviation
aircraft, rotary aircraft (helicopter) andmilitary aircraft database; intro-
duction of ground noise in the calculation methodology, especially en-
gine run-up noise; deﬁnition of a robust validation process, adapted to
noise assessment in residential areas and ensuring high-quality model
input data; and evaluation of the effect of moving the receiver point
from a height of 1.2 m (ANP data) to 4 m (assessment height required
in END).
8. CNOSSOS-EU: methodology to assign noise levels and population
to buildings
The consistency of strategic noisemaps requires a standardisedmeth-
odology for connecting the noise levels calculated at receiver positions to
the number of inhabitants affected by these noise levels. The END spec-
iﬁes that the noise exposure of citizens should be assessed by means of
the noise level at the most exposed facade of the dwelling they are living
in. On the other hand, the END speciﬁes that the exposure to noise shall
be assessed for a receiver point levels at 4 m above the terrain level in
front of the facades of the building. This is obviously a contradiction, as
several dwellings do not have a facade matching the 4 m criterion. The
confusion between dwellings and buildings is encountered in several
parts of the text of the END.Moreover, collecting real data on the number
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dwelling inside a building or building block is clearly outside reach (due
to costs and privacy regulations).
CNOSSOS-EU provided a harmonised, albeit conventional approach,
to be used consistently amongst all MS. This approach is based on the
German regulation VBEB (VBEB, 07.02.2007) with some amendments
in order to match more closely the requirements of the END. For build-
ings containing multiple dwellings, when the speciﬁc layout of dwell-
ings within the building is not known, the approach is based on the
equal distribution principle (Kephalopoulos et al., 2012).
In the development of the harmonised methodology for assigning
noise levels and population in buildings, the deﬁnition of population,
buildings and dwellings, the residential use and themeaning of a facade
were also clariﬁed and ﬁxed, as well as a scheme for deriving the num-
ber of inhabitants of a building along various options depending on data
availability.
9. Challenging implementation issues for CNOSSOS-EU
and recommendations
There are a number of issues (deﬁnitions, input data and methods)
to be dealt with and ﬁxed for the consistent implementation of
CNOSSOS-EU in relation to strategic noise mapping as required by the
END (Bento Coelho et al., 2011). Some of the most peculiar and chal-
lenging ones are more extensively discussed hereafter.
First, there is a need to deﬁne the precise sources/scope to be includ-
ed in the strategic noise mapping, balancing over the cost of including a
speciﬁc source against its noise impact. This concerns the exactmeaning
of the term agglomeration and the extent of noise sources (roads, rail-
ways, trams, light rail systems, airports and industries) to be mapped.
These are recognised to be critical requirements for the consistency of
the strategic noise mapping results (i.e. the estimation of the overall
population exposed at speciﬁc noise levels in an agglomeration) and
therefore need to be speciﬁed on a legal basis possibly in the revised
Annex II of the END. These requirements have policy, legal and cost im-
plications which are not yet sufﬁciently explored.
The beneﬁts of a potential CNOSSOS-EU database of input values
through conversion of existing national databases are obvious. More-
over, it is recommended to design, update and maintain the CNOSSOS-
EU database with the contribution of the EU member states via a well-
established reporting and veriﬁcation scheme. This will serve a future
development, application and validation of the CNOSSOS-EU methodo-
logical framework using a common pool of quality assured andmutually
accepted data.
For a cost-optimised implementation of CNOSSOS-EU for periodic
strategic noise mapping in Europe, some of the input parameters on
noise emission sources are essential in terms of consistency and accura-
cy of the assessment, whilst others are only signiﬁcant in speciﬁc local
situations. In the context of CNOSSOS-EU a parameter is considered es-
sential if the range of values the parameter can take yields variations in
Lden or Lnight of more than±2.0 dB(A) 95% C.I. (all other parameters re-
main unchanged). The input data should reﬂect the actual situation
being assessed and in general there should be no reliance on default
input values or assumptions. During phase B of the CNOSSOS-EU pro-
cess, and beyond, a crucial challenge will be to identify and validate
the essential input values, and their accuracy requirements, and esti-
mate the associated cost to EU member states for their production dur-
ing the noise mapping required by the END.
During phase B of the CNOSSOS-EU process a number of parameters
related to the implementation of the CNOSSOS-EU source models and
sound propagation model, into software should be examined together
with noise software developers, along with criteria for optimally ﬁne-
tuning themwhen performing strategic noise mapping. Relevant issues
to focus on are: the number of reﬂections, the handling of multiple re-
ﬂections in the case of parallel facades, the number of sources, the opti-
misation of the path ﬁnding and the number of meteorological classes.An overview of the parameters and the potential means for balancing
accuracy against computational effort is provided in Table 6.
Because path ﬁnding up to high order of reﬂections demands large
computational efforts, ﬁxing a minimumorder of reﬂections for all situ-
ations is not considered an optimal approach. Different strategies are
therefore recommended in order to restrict reﬂection calculations espe-
cially to those situationswhere they are relevant, possibly including the
application of correction terms to compensate for the missing high-
order reﬂections (e.g. by assuming semi-diffuse sound ﬁeld conditions
on either the source or the receiver).
For a consistent implementation of the CNOSSOS-EUmethodological
framework, and regardless of which propagationmethod will be ﬁnally
chosen based on the outcome of the validation exercise to be undertak-
en during phase B of the CNOSSOS-EU process, guidance should be pro-
vided on how to retrieve from existing databases (local, regional,
national) the following element/input values: meteorological input
handling, ground impedance, absorption coefﬁcient of vertical obsta-
cles, digital terrain and elevationmodels, sound power, position and di-
rectivity (if applicable) of the different sources, air temperature and
relative humidity.
It is speciﬁcally recommended that the meteorological data collec-
tion and handling should be further discussed as currently, there is no
harmonised meteorological classiﬁcation scheme across Europe. Until
this happens, the following defaults are proposedwhenever ameteoro-
logical classiﬁcation is not available:
• One class for homogeneous conditions;
• One class for favourable conditions concerning the table for meteoro-
logical classes proposed during phase A of the CNOSSOS-EU process;
• Built-up areas: only homogenous conditions and a clear deﬁnition of
the built-up area should be provided in the guidance for the compe-
tence use of CNOSSOS-EU, to be available at the end of phase B of
CNOSSOS-EU process;
• Non-built-up areas: 50% favourable and 50% homogeneous during
daytime calculations, 75% favourable and 25% homogeneous during
evening calculations, 100% favourable and 0% homogeneous during
night-time calculations.
The further evaluation of the three candidate propagation models
through the validation exercise foreseen in phase B of the CNOSSOS-
EU process is an essential step which will allow choosing the propaga-
tion model of CNOSSOS-EU and also test its performance for a number
of representative real test cases (to be designed in common by EC and
EU MS). As the differences amongst methods are mainly due to model-
ling of screens, diffraction around the screens, reﬂection of the ground
and meteorological contribution, it is necessary to consider carefully
these factors in the deﬁnition of the real test cases and during the eval-
uation. The test cases selected should consider the possibility of model-
ling and testing of the different propagation effects independently or in
combination.
An essential part of the overall evaluation process is the selection of
an appropriate and relevant method for rating the performance of the
propagation models in terms of accuracy and precision, as discussed
above. On-going discussions between the EC and the EU MS tend to fa-
vour a statistical approach which foresees analysis of the shape of the
distribution of deviations between measurements and predictions and
assesses trueness and precision of model predictions according to
GUM.Moreover, the overall method's rating in terms of accuracy is rec-
ommended to be done in relation to: the relevance of the assessment
points, the degree of acceptability of discrepancies between calculated
and measured values and the various noise bands of population expo-
sure. Concerning precision, considering the requirements of CNOSSOS-
EU for the purpose of strategic noise mapping, although an absolute
value for precision value is not sought, it is recommended to not exceed
2 dB.
It should be emphasised that the assessment of the method's
accuracy should follow after a properly quality assured software
Table 6
Essential parameters of the CNOSSOS-EU assessment methods and potential means for balancing accuracy against computational effort.
Parameter Deﬁned by Can be reduced by
Number of receivers – Size of the map
– Complexity of the site
– Resolution of the map
– Interpolation between receivers.
– Restricting the areas to be mapped (e.g. based on pre-calculating
limit distances for Lden N 50 dB).
Number of sources – Size of the map
– Complexity of the site
– Ignoring less important sources.
– Using lump value for background noise level.
Number of lanes or tracks – Type of road – Reducing to one lane/road or one lane per driving direction.
Number of source heights In road trafﬁc and railway trafﬁc noise source
models a different number of heights may be
used usually up to:
– 3 heights for road trafﬁc noise
– 5 heights for railway trafﬁc noise
– In phase A of CNOSSOS-EU the number of source heights were
reduced to 1 (for road trafﬁc noise sources) and up to 2
(for railway trafﬁc noise sources).
Note: attention should be paid when assigning Lw values to a
different height than in the original model.
Number of propagation paths,
growing as 2N, N = reﬂection
depth
– Accuracy and computational requirements. – Reducing the “split depth”, but not necessarily the reﬂection depth.
– Taking into account the fact that contributions to the overall noise
level in a speciﬁc location are rank-ordered as follows:
1) direct propagation path
2) reﬂections
3) diffractions over obstacles
4) diffractions around obstacles
Number of meteorological
conditionsa
– The actual number may depend on
propagation distance and source height.
– One to four propagation classes were
suggested in the IMAGINE project.
– One class in built-up areas (given that there is a consistent deﬁnition)
and depending on distance from source and strength of meteorological
conditions for other situations.
Number of ground segments
in each path
– Spatial resolution of the digital maps. – Intelligently and automatically removing details that are not acoustically
relevant. This should be elaborated in consultation with software
developers as it is inﬂuential for the accuracy of the CNOSSOS-EU
methodology.
– Simplifying the terrain proﬁle in the propagation plane using
Nord2000 (2006).
a The number of meteorological conditions will depend on the ﬁnal propagation part to be chosen for the CNOSSOS-EU methodological framework.
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mended that the quality assurance of the software implementation
of CNOSSOS-EU would be undertaken according to the requirements
of the future ISO 17534 standard (ISO 17534, 2013). In addition to
the requirements of this standard, it is recommended to also use a
common ﬁle format to exchange geometric and acoustic data be-
tween noise calculation software programmes including a common
nomenclature for attributes.10. Conclusions
A common framework for noise assessment methods (CNOSSOS-
EU) was developed by the European Commission in co-operation with
the EU Member States to be applied for strategic noise mapping, as re-
quired by the Environment Noise Directive (2002/49/EC). This frame-
work represents a harmonised and coherent approach to address and
assess noise levels from the main sources of noise (road trafﬁc, railway
trafﬁc, aircraft and industrial) across Europe. It was based on state-of-
the-art knowledge and resulted from an intensive collaboration, ex-
change of data and experiences via a formal process at both policy and
scientiﬁc/technical levels.
The core of the CNOSSOS-EUmethodological framework was devel-
oped during phase A of the CNOSSOS-EU process. It still needs to be
completed, and its performance validated, during phase B of the
CNOSSOS-EU process before it can be implemented in the EU MS,
starting from the 3rd round of strategic noise mapping in Europe. This
paper besides outlining the parts of the CNOSSOS-EU coremethodology
also presented a number of remaining open issues to be discussed and
ﬁxed, along with some challenges to face in order to remove potential
ambiguity and provide for a consistent implementation of CNOSSOS-
EU throughout Europe.Besides the development of the common noise methodological
framework, the CNOSSOS-EU process has also fostered dialogue
between the stakeholders involved, and enabled them to liaise and per-
form their activities synergistically under a joint collaborative frame-
work to face the challenges ahead:
• Make available to European citizens reliable and comparable informa-
tion on the noise levels they are exposed to and the associated health
implications;
• Draw appropriate action plans for preventing and reducing exposure
to harmful levels of noise in a sustainable and resource-efﬁcient way.
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